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(57) Abstract 



An immunoassay for determining a first antigen (Agj) and/or an antibody (Ab^) to a second antigen (Ag2) in a sample, 
which immunoassay comprises the steps: (a) contacting the sample with a solid support on which Ag2 and an antibody 
(Abj). to Agi have been coated so that sample Agj and sample Ab2, if present, will become bound to Ab^ and Ag2, respec- 
tively; (b) adding Ag 2 in the form of a detecting reagent; the addition being performed under conditions allowing the forma- 
tion of an immune complex between added Ag2 and sample Ab2 bound to the solid support in step (a); (c) adding Abj in the 
form of a detecting reagent; the addition being performed under conditions allowing the formation of an immune complex 
between added Ab| and sample Agj bound to the solid support in step (a); (d) measuring the amount of immune complex 
formed in step (b) and (c) and taking the amount as an indication of the amount of Ag! and/or Ab 2 in the sample. All or 
part of the antigenic entitie(s) in Ag 2 coated on the solid support and/or Ag 2 used as the detecting reagent are derived from 
different sources. In an alternative mode Ag2 and Abi in the detecting reagent is equipped with biotin so that the immune 
complexes formed in steps (b) and (c) can be measured by the use of a biotin binding substance. 
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1 

COMBINATION ASSAY FOR ANTIBODY OR ANTIGEN 

Background of the invent: ion 

1. Field of the invention; 

5 This invention relates to a combination immunoassay for 

detection of an antigen and an antibody. The format of the 
antigen part of the assay is antibody: antigen: antibody where 
the antigen is the analyte. The format of the of the antibody 
part of the assay is antigen: antibody: antigen. The invention 
10 particularly relates to a combination immunoassay for 

hepatitis B surface antigen (HBsAg) and/or antibody to human 
immunodeficiency virus (HIV-1 and/or HIV-2) . 

2. Description of the Prior Art. 

Blood banks currently employ two separate tests to 

15 screen donated blood for the presence of antibody to HIV and 
HBsAg. To screen blood for antibody to HIV, an enzyme linked 
immunoassay is used in which a complex is formed consisting 
of HIV antigen coated onto a solid support, human antibody to 
HIV from the sample, and anti-human antibody coupled with 

20 horseradish peroxidase. To screen for HBsAg, a sandwich type 
assay is commonly employed in which the sandwich is formed of 
antibody to HBsAg, HBsAg from the sample, and antibody to 
HBsAg coupled with horseradish peroxidase. 

It would be desirable to test for HBsAg and antibody to 

25 HIV, as well as for other combinations of antigens and 

antibodies, in a single assay. In order to do so, however, 
the specificity and sensitivity of separate assays must be 
maintained while combining all the components of two assays 
onto a single assay on one solid support, such as a 

3 0 microtiter plate or a bead. A product which successfully 
accomplishes this is not currently available. 

EP-A-173,295 describes a process for simultaneously 
screening for HBsAg and antibody to HIV. The process 
disclosed consists of incubating a sample with a solid 

35 support coated with purified HIV and polyclonal anti-HBsAg; 
adding detecting probes consisting of biotinylated monoclonal 
antibody to HBsAg and biotinylated antibody to human 
antibody; then adding strepavidin conjugated to horseradish 
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peroxidase and substrate to develop a color. However, the HIV 
part of this format is similar to that used by blood banks 
currently which requires dilution of the sample tested. 
In order to effectively test for both HBsAg and 
5 antibody to HIV, a neat (undiluted) sample should be 

employed. For testing a neat sample for antibody to HIV an 
assay format must be used wherein HIV antigen is both coated 
on the solid support and used as the detecting reagent. This 
format eliminates the dilution required when using an assay 
10 that includes a labeled anti-human antibody as described 
above . 

When testing a neat sample, however, it is difficult to 
achieve both the desired sensitivity and specificity. Neat 
samples contain a high concentration of materials which may 

15 non-specifically react with components of the assay, leading 
to false positive results 

There are several ways in which to address this problem 
in a test for antibody to HIV alone. For example, the HIV 
antigens may be purified to remove contaminating substances 

20 which contribute to non-specific interactions. Alternatively, 
different source antigens may be employed so that the 
specific antigen of interest is the predominant common 
antigen. Another possibility is to add non-HIV antigens from 
the source of the HIV material in order to complex with 

25 antibodies in the sample which would otherwise bind non- 
specifically to the assay components and generate a non- 
specific signal. 

Different sources of reagents in a sandwich type assay 
for one analyte have been used in the past in order to 

3 0 eliminate non-specific binding. For example, Belanger et al. , 
Clinica Chimica Acta, 48 (1973), pp. 15-18 discloses a 
sandwich type assay for alpha fetoprotein in which antibody 
derived from goat is coated on a solid support, and a rabbit 
antibody to alpha fetoprotein is used as the labeled reagent. 

35 The use of antibodies from different sources reduces the non- 
specific signal otherwise generated when the material on the 
Plate and the labeled reagent are from the same source. For 
example, where an antibody on the solid support is from the 
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same animal as the labeled antibody, then the antibody on the 
plate may non-specif ically bind to material in the sample, 
which then non-specif ically binds to labeled antibody, 
generating an undesired signal. Where a different animal 
5 source is used to produce the antibodies then it is less 
likely that the material which is non-specif ically bound to 
the plate will also bind to the labeled antibody. The reason 
for this is that it is unlikely that the antibody which bound 
the material to the plate will also be found in the labeled 

10 reagent. Since the antibodies were derived from different 
animal species, they differ in affinity, avidity and non- 
specific interaction with the non-specif ically bound 
material. Also, if the sample contains species specific 
antibody to either the capture antibody or the detection 

15 antibody, elevated non-specific signals will not occur, 
provided the antibodies are from different sources. 

Assays employing the antigen: antibody: antigen-format 
with antigens derived from different sources have previously 
been described (EP-A-313,986; US priority from 1987 and EP-A- 

20 307,149; GB priority from 1987). 

SUMMARY OF THE INVENTION 
Prior to the above-mentioned 1987 US priority date the 
usefulness of the different source antigen concept was 
recognized. 

25 It has now been found that using antigens from 

different sources in a combination immunoassay of the type 
given above may lead to an increase in the sensitivity and 
specificity in testing for an antigen in the other part of 
the combination assay. This finding allows a neat or 

30 minimally diluted sample to be effectively tested for both 
anti-HIV antibody and HBsAg, simultaneously. The combination 
assay achieved allows both antigen and antibody to be tested 
for in a single assay using only one sample, thereby 
conserving sample and reducing the number of assays required. 

35 Similarly, it has also been found that by using biotinylated 
antigen and biotinylated antibody a valuable combination 
assay for an antibody and an antigen, respectively, can be 
accomplished, allowing a reliable determination of the 
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presence of an antibody specific to the biotinylated antigen 
or the presence of an antigen reacting with the biotinylated 
antibody. 

In particular, a combination immunoassay for 
5 determining the presence, absence, or amount of a first 
antigen or an antibody to a second antigen has been found 
which comprises the steps: 

a) contacting the sample with a solid support on which 
the second antigen and an antibody to the first antigen 

10 have been coated so that said first antigen and antibody 

to said second antigen, when present in the sample, will 
become bound to (complexed with) their immunological 
counterparts, respectively, coated on the solid support; 

b) adding second antigen in the form of a detecting 

15 reagent for antibody bound by the second antigen coated 

on the solid support; the addition being performed under 
conditions allowing the formation of an immune complex 
between said added second antigen and antibody specific 
to said second antigen bound to the solid support in 

20 step (a) ; 

c) adding antibody to said first antigen in the form of 
a detecting reagent for first antigen bound by the 
antibody coated on the solid support; the addition being 
performed under conditions allowing the formation of an 

25 an immune complex between said added first antibody and 

first antigen bound to the solid support in step (a) ; 

d) determining the presence, absence, or amount of the 
immune complex formed in step (b) and (c) in order to 
determine the presence, absence, or amount of the first 

30 antigen and/or the antibody to the second antigen in the 

sample , 

wherein the second antigen coated on the solid support 
contains antigen that is derived from a first source and the 
second antigen used as a detecting reagent contains antigen 
35 that is derived from a second source, which first and second 
sources are different. 

The antigen (s) coated on the support and the antigen (s) 
in the detecting reagent may originate from different cell 
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lines, or one may originate from a cell line and the other 
may be chemically synthesized, or derived by recombinant 
genetic engineering techniques. 

The second antigen coated on the support and/ or present 
5 in the detecting reagent may be a mixture of antigens 

differing with respect to the source from which they derive. 
Such mixtures used in the invention may contain different 
relative amounts of antigens from a given source. The antigen 
on the support may be completely derived from one source, 
10 whereas the antigen in the detecting reagent may be a mixture 
of antigens derived from two or more sources, or the other 
way round* 

According to a specific aspect of the invention an 
assay is provided which screens for both HBsAg and antibody 
15 to HIV. In this mode of the invention the first antigen is 
hepatitis surface antigen and the second antigen is HIV 
antigen. 

A further mode of the present invention is a 
combination immunoassay for determining the presence, 
20 absence, or amount of a first antigen or an antibody to a 
second antigen which comprises the steps: 



35 



30 



25 
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d) determining the presence, absence, or amount of the 
immune complex formed in step (b) and (c) by 

dl) addition of a bio tin-binding substance labeled 
with a marker to complex with the biotinylated 
5 reagents bound to the solid support in step (b) and 

(c) , and 

d2) detecting the presence, absence, or amount of 
the complex between biotin and the biotin-binding 
substance on the solid support in order to 
10 determine the presence, absence, or amount of the 

first antigen and/or antibody to the second 
antibody . 

This latter mode of the present invention is 
particularly useful for combination assays determining 

15 antibody to HIV and hepatitis virus antigen, i.e. assays in 
which the first antigen is a hepatitis antigen (e.g. HBsAg) 
and the second antigen is HIV antigen. A preferred embodiment 
is that the biotinylated second antigen and the second 
antigen coated on the solid support are from different 

20 sources (see above) . 

The steps (b) and (c) in the embodiments given above 
may be performed simultaneously by mixing the detecting 
reagent for antibody to second antigen with the detecting 
reagent for the first antigen, e.g. by premixing the HIV 

25 antigen and the hepatitis antigen. Steps (a) , (b) and (c) may 
often be followed by one or more washing procedures prior to 
a subsequent step. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The details of the general inventive concept will now 
30 be presented with reference to a combination assay for HBsAg 
and antibody specific to HIV . The principles outlined can be 
applied to the generalized forms of the invention as 
presented above. 

The term "HIV antigen" in this specification refers to 
35 a polypeptide or protein which has the same sequence or 
partial sequence as that of a native HIV, or is 
immunologically cross reactive with native HIV. The term thus 
encompasses haptens which have this immunological property. 
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The term "HIV" refers to HIV-1 and HIV-2 and any other human 
immunodeficiency virus that might be discovered in the 
future . 

The term "detecting reagent" is used herein to refer to 
5 a reagent which is added to form an immune complex with 
sample analyte bound to the solid support. An example of a 
detecting reagent for antibody to HIV is a conjugate of HIV 
antigen and a label (marker) , such as horseradish peroxidase. 
Another example is an HIV antigen which is biotinylated 

10 (biotin being the label) . The term may also refer to an 
antibody to the first antigen, for example an antibody to 
HBsAg that may or may not be conjugated with a label. In case 
the detecting reagent contains no label or the label is a 
group exerting bioaff inity against a certain counterpart 

15 (ligand) , the complex formed between the detecting reagent 
and sample analyte bound to the solid support is further 
complexed with, for example, a labeled ligand that binds by 
bioaff inity to the detecting reagent. Such a labeled ligand 
can be anti-goat antibody conjugated to an appropriate enzyme 

2 0 such as horseradish peroxidase where the detecting reagent is 

an antibody of goat origin. If the detecting reagent is an 
antibody, it preferably is of different origin from the one 
coated on the solid support, for instance one may be a goat 
antibody while the other is a mouse antibody. 
25 Different cell lines refers to cell lines derived from 

different species or from different individuals of the same 
species. The cell lines in question must have the ability to 
express the antigen in question, e.g one or more HIV 
antigens . 

3 0 In one preferred embodiment, an HIV infected cell line 

is used as a source for producing HIV antigen coated on the 
solid support and a different HIV infected cell line as a 
source for the detecting HIV antigen. Suitable cell lines are 
well known in the art and readily available. Preferred cell 
35 lines are HIV infected human T-cell lines H9, MOLT-3, CEM and 
HSB. HIV antigen from infected cell lines is also 
commercially available in lysate form from Pharmacia 
Diagnostics Inc., DuPont Biotech Inc., and Organon Teknika. 
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In another preferred embodiment, recombinantly derived 
HIV antigen (s) from a defined host is used in one HIV 
antigen, but not both. Bacterial protein impurities in a 
recombinant HIV reagent prepared using an E. coli host will 
5 not result in a non-specific signal where the same bacterial 
impurities are not present with both HIV antigens. 
Recombinant HIV antigen (s) prepared in an insect host, 
particularly gpl60, is commercially available from Repligen 
Corp (Cambridge, Mass., U.S.A.). The preparation of 

10 recombinant HIV antigens, including using an E. coli or 
Bacillus host, is known in the art. 

In another preferred embodiment one cell line is an HIV 
infected cell line such as H9 or MOLT 3 and the other cell 
line is a recombinant host cell line. Similarly, one cell 

15 line can be a recombinant host cell line, such as an E. coli 
cell line, and the other a different recombinant host cell 
line, such as the insect cell line Spodoptera frucriperda . 

In a different embodiment, either HIV antigen coated on 
the solid support or HIV antigen used as a detecting reagent 

20 contains one or more HIV antigens that are chemically 

synthesized. Conventional polypeptide synthesis techniques, 
for example Merrifield synthesis, can be used. See for 
instance EP^A-267, 802 ; 247,557; 284,587; 278,148; 231,914 and 
246,829 and WO-A-8702775 and US-A-4 , 735 , 896 and 4,833,072. 

25 HIV antigen coated on the solid support or HIV antigen 

used as a detecting reagent may be a mixture of HIV antigens 
from different sources. Thus, in a preferred embodiment, the 
mixture may contain an HIV antigen from an infected cell line 
combined with a recombinantly produced HIV antigen. The 

3 0 recombinantly derived HIV antigen may then restore antigenic 
determinants that have been removed in part during the 
preparation and purification of an HIV antigen from the 
infected cell line. HIV antigens that are part of the mixture 
may be present in both the detecting reagent and HIV antigen 

35 coated on the solid support. For example, HIV antigen coated 
on the solid support may be derived from an HIV infected cell 
line, and the detecting reagent may contain a recombinantly 
or synthetically produced HIV antigen combined with a further 
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purified HIV antigen derived from an HIV infected cell line 
and vice versa. 

In a further preferred embodiment, one of the HIV 
antigens coated on the solid support or used as the detecting 
5 reagent is a combination of a recombinant HIV antigen from a 
defined host, for example insect cells, and an HIV antigen 
from an infected cell line. The other remaining HIV antigen 
may then be a recombinant HIV antigen from a different 
defined host, for example E. coli . which may also be combined 
10 with an HIV antigen from an infected cell line. The infected 
cell line employed can be the same one for both the solid 
support and the detecting reagent. For example, the HIV 
antigen coated on the solid support may be a mixture of a 
recombinant HIV antigen from one host, such as insect cells, 
15 and a purified HIV antigen from the infected cell line H9, 
while the detecting reagent may contain a mixture of a 
recombinant HIV antigen from another source, such as E. coli 
and an HIV antigen from infected cell line H9. The preferred 
recombinant HIV antigen is gpl60. 
20 HIV antigen can be in a mixture of many antigens or a 

single purified antigen. HIV-1 antigens such as pl7, p24, p31 
gp41, gp51, p55, gpl20, p24, p66 and gpl60 and corresponding 
HIV-2 antigens can be employed alone or mixed together. In a 
preferred embodiment HIV antigen in form of a viral lysate 
25 prepared from HIV infected cells is used. 

By selecting appropriate purified HIV components the 
assay can be tailored to test only for particular antibodies. 
In order to test specifically for antibody to p24, whole 
purified lysate can be coated on the solid support and pure 
3 0 p24 added as the detecting agent for antibody to HIV antigen. 
Specific testing for other viral components may be performed 
in a similar way. 

By selecting HIV-1 or HIV-2 antigens as the coating on 
the solid phase and as the detecting reagent, antibodies to 
35 HIV-1 or HIV-2, respectively, will be detected. By the proper 
combination of HIV-1 and HIV-2 antigens antibodies reacting 
with only one of the antigens as well as antibodies reacting 
with both of them will be assayed simultaneously. For 
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instance synthetic HIV- 2 specific peptides are known (e.g. 
US-A-4,182, 556) and can be combined with lysate of HIV-1 
infected cells . 

The detecting reagent is preferably biotinylated forms 
5 of HIV antigen and/ or antibody to HBsAg. This means that step 
(d) above comprises reacting the complex formed in steps (b) 
and (c) with a biotin-binding substance labeled with a marker 
so that a complex is formed between biotin on the solid 
support and said biotin-binding substance, which latter 

10 complex subsequently can be measured due to the presence of 
the marker. Examples of biotin-binding substances are anti- 
biotin antibody, strepavidin and avidin. 

Biotinylation of both HIV antigen and antibody to HBsAg 
can be accomplished by conventional means. Anti-biotin 

15 antibody is preferred and can be of polyclonal or monoclonal 
origin and is available from standard commercial sources. 

The antibodies to HBsAg can be either monoclonal or 
polyclonal and are commercially available or can be produced 
by standard techniques , for instance by immunization of 

20 guinea pigs, goats, or sheep with highly purified HBsAg or 

production of monoclonals by immunization of mice followed by 
fusion of antibody producing plasma ceils with immortal mouse 
myeloma cells. Polyclonal as well as monoclonal antibody to 
HBsAg may be used as coating and/or detecting reagent. 

25 The biotin-binding substance is preferably conjugated 

to a marker (label) ♦ Suitable markers are an enzyme 
(including an enzyme substrate, cosubs trate , coenzyme, 
cof actor etc.), fluorescent, radioactive and chemiluminescent 
labels. Lanthanide labels such as europium, terbium, and 

3 0 samarium chelates may be used, A preferred marker is 
horseradish peroxidase . 

In case an enzyme marker is employed, the measuring 
operation (step d) includes adding a substrate that develops 
a color that is measured and taken as an indication of the 

35 presence and amount of analyte in the sample. 

The solid support employed in the invention are those 
ones commonly used in heterogeneous immunoassays. Thus the 
solid support could have different forms such as beads, 
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sheets, pads, wells of microtiter plates etc. The support may 
be porous or non-porous. It may consist of polystyrene, a 
polysaccharide, nylon, nitrocellulose, polypropylene etc. The 
artisan will know the material which is compatible with a 
5 certain physical form. The entities coated on the support may 
be bound thereto merely by physical adsorption or covalent 
attachment. The linkage between the support and the coated 
entity shall resist normal washing procedures applicable to 
heterogeneous immunoassays . 

10 The reaction conditions for forming the complexes on 

the solid support are well known. Normally the medium is 
aqueous, the temperature 0-4 0°C, preferably 15-4 0°C, and the 
pH within the range 4-9. The medium may contain detergents 
and buffering components for stabilizing the pH. 

15 In connection with the development work for the present 

invention, it has been realized that the non-specific binding 
in testing for anti-HIV antibodies by the use of the 
antigen: antibody: antigen-complex can be reduced by forming 
the complex in the presence of effective amount of an 

2 0 inhibitor for the interaction between an HIV envelope protein 

(e.g. gpl20 for HIV 1 and gpl05 for HIV 2) and the 
corresponding cell receptor (CD4) . The amount is effective in 
the sense that it reduces the non-specific binding by 
preventing binding between the antigen coated on the support 
25 and antigen in the detecting reagent via HIV antigen 
receptors present as impurities. The addition of the 
inhibitor can completely or partially replace the use of 
antigens derived from different sources in antibody assays of 
the antigen : antibody : antigen- format . 

3 0 This type of inhibitor has previously been suggested 

for the blocking of HIV- infection of CD4 target cells. See 
for instance Eric De Clercq (6th International Conference on 
AIDS, 21st June, 1990, San Pransisco) . Parish C.R. et al. (J. 
Immunol. 145(1990)1188) have examined a number of sulfated 
35 polyanions for their ability to block anti-CD4 mAb binding. 
On CD4 they found a polyanion binding site that was clearly 
distinct but closely associated with the gpl20 binding region 
of CD4. Generally speaking the known inhibitors are 
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polyanionic, in particular polysulfated or polysulf onated 
(i.e. exhibiting -S0 3 ~ groups) , polymers optionally 
containing a plurality of OH-groups. Suitable polymers are 
preferably soluble in aqueous media. Specific examples are 
5 sulfated polysaccharides, such as dextran sulfate, heparin, 
pentosan sulfate, fucoidan, and the carrageenans , and 
polyvinyl alcohol sulfate, and polyanethole sulfonate. The 
reduction of non-specific binding will have a positive effect 
on the specificity as well as on the sensitivity. 

10 In order to have a good test, when using the above- 

mentioned inhibitor, normal optimization with respect to 
type, molecular weight, substitution degree etc. shall 
therefore always take place. For instance if the test 
simultaneously shall detect HBsAg with good sensitivity it 

15 might be necessary not to increase the inhibitor 

concentration too much. For an anti-HIV antibody test the 
concentration of dextran sulfate is recommended to be within 
0.01-0. 14% (w/w) or a concentration giving the equivalent or 
better effect if other CD4-gpl20 HIV envelope inhibitors are 

20 used. In a combination test like the present invention the 
upper limit should in many cases be lowered, e.g. down to 
0.10 %. 

The invention is particularly useful for screening 
blood, plasma and serum, or their derivatives. However, 

25 samples derived from other biological fluids containing 
antibodies and infective agents may also be tested. For 
instance saliva, feces, urine, tissue culture fluids and 
other body or cell line fluids. 

According to one aspect of the invention, a kit is 

30 provided for the detection of a first antigen or an antibody 
to a second antigen. The kit is comprised of a solid support 
coated with the second antigen and with an antibody to the 
first antigen, and detecting reagents for the first antigen 
and for antibody to the second antigen. Both the coated 

35 entity and the detecting reagent may have the specific modes 
specified above that particularly relates to HBsAg as the 
first antigen and HIV antigen as the second antigen. The kit 
may contain the detecting reagents in the form of an aqueous 
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suspension optionally containing buffer components or in the 
form of a lyophilized or spray-dried powder. 

The aspects of the invention are more closely defined 
in the appending claims. The following examples (1-6) are 
5 provided to illustrate the invention but should not be 
interpreted as limiting its scope. 

EXPERIMENTAL PART 

METHODS : 

Biotinvlations : All biotinylations were performed by 
10 standard techniques, previously described by Guesdon et al. 
(J. Histochemistry 27 (1979) p. 1131-) , using biotinyl 
N-hydroxysuccinimid (BNHS) (CalBiochem, San Diego, CA, 
U.S.A. ) . 

Coating of microtiter plates : Polystyrene microtiter 

15 plates were coated with purified HIV antigen and mouse 

monoclonal antibody to HBsAg by a three step process. First, 
monoclonal antibody to HBsAg was coated in phosphate buffer, 
0.1 M, pH 7.2. After incubating 12-16 hours at 4°C, the 
coating solution was aspirated off and purified HIV antigen 

20 was coated in a carbonate buffer, 0.1 M, pH 9.6. Plates were 
again incubated for 12-16 hours followed by aspiration. In 
the final step, plates were blocked to prevent non-specific 
adsorption of immunoglobulins and other serum proteins. The 
blocking buffer consisted of 0.1 M Tris, pH 7.4 with 0.7% 

25 bovine serum albumin, 5% sucrose, 0.1% (w/v) Tween 20 (Sigma, 
St Louis, Mo. U.S.A.) and preservatives. 

Assaying protocol ; 100 ^ul of each sample was pipetted 
into the wells of the microtiter plate. The plate was covered 
with a sealer and incubated at 37°C for 60 minutes. The plate 

30 was aspirated and washed five times with a wash buffer using 
250-300yUl per well. lOO^ul of the biotinylated reagents 
(Conjugate A) was added to each well of the microassay plate 
and a new plate sealer applied. The plate was then incubated 
at 37°C for 60 minutes. Again the plate was aspirated and 

35 washed five times as above. lOO^ul goat anti-biotin 

conjugated to HRP (Conjugate B) was added to each well and a 
new plate sealer was applied. The plate was again incubated 
at 37°C for 60 minutes and aspirated and washed five times. 
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lOOyul of substrate (OPD in excess) was added to each well 
and the plates were incubated at room temperature in the dark 
for 30 minutes. 100yul of stop solution containing 2 N 
sulfuric acid was added and the developed color (absorbance) 
5 read at 492 nm within 60 minutes using a reference wavelength 
of 600-620 nm. 
REAGENTS : 

Anti HBsAg antibodies : 

Monoclonal antibody to HBsAg was purchased from Sorin 
10 (Italy) . 

Polyclonal antibody to HBsAg from hyper- immunized goats 
was purified by standard techniques and biotinylated. 
HIV antigens : 

The HIV antigen used for coating of microtiter plates 

15 (HIV antigen) was derived from an HIV-1 infected H9 cell 
lysate purified by ultracentrifugation. For use in the 
detecting reagent the HIV-1 purified lysate was further 
purified prior to biotinylation by passage through a 
Sepharose anti-H9 affinity column. Unbound HIV-1 antigen was 

20 collected and biotinylated for use in Conjugate A below. The 
final product demonstrated a higher specific HIV-1 activity, 
relative to total protein, than prior to affinity 
purification. The Sepharose anti-H9 affinity column was 
prepared by covalently attaching goat antibody directed 

25 against human H-9 cellular proteins to CNBr activated 

Sepharose (Pharmacia AB, Uppsala, Sweden) . The antibody was 
prepared by immunizing goats with an immunogen derived from 
uninfected human H-9 cells. The goats developed an antibody 
titer to uninfected H-9 cellular proteins, as well as to 

30 components that may remain from the H-9 cell culture media. 
The HIV antigen thus obtained was almost completely lacking 
H-9 proteins, and as an unavoidable consequence it had also 
been depleted of gp41, gpl20, and gpl60 envelope protein 
determinants 

35 HIV antigen used as detecting reagent: In Examples 1 

and 3-6 biotinylated HIV antigen from HIV-1 infected H9 cells 
mixed with biotinylated recombinant HIV gpl60 envelope 
antigen (prepared in insect cells, Repligen Corp., Cambridge, 
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Mass., U.S.A.) was employed as a detecting reagent for 
antibody specific for HIV antigen. In Example 2, three 
different detecting reagents for HIV antigen were compared. 

The biotinylated antibody to HBsAg and the 
5 biotinylated HIV antigen were used as a mixture (Conjugate A) 
dissolved in an aqueous medium containing 0.1 M Tris, 0.15 M 
sodium chloride, 0.025% Tween 20, 0.04% dextran sulfate, 5% 
bovine serum albumin (BSA) , 0.5% 4-dimethylaminoantipyrin 
(DAP) as an antioxidant, 20% normal goat serum and 5% normal 

10 human serum. 

Anti-biotin antibody ; 

Goat anti-biotin antibody labeled with horseradish 
peroxidase (Conjugate B) was purchased from Zymed Corp., 
South Fransisco, CA. , U.S.A., and complexed with biotin bound 

15 to the plate during the assay. This antibody was used in a 

Tris buffered diluent of the same composition as given in the 
preceding paragraph. 

HRP substrate ; orto-phenylenediamine „ (OPD) dissolved in a 
buffer containing potassium phosphate, sodium citrate and 
20 hydrogen peroxide, pH 5.0. 

Wash Buffer ; Saline buffered with sodium phosphate and 
containing a surfactant. 

Dextran sulfate ; Purchased from Sigma Co., St. Louis, Mo., 
U.S.A. 

25 

EXAMPLE 1 

The combination assay of the invention was compared with the 
Pharmacia HBsAg ELISA assay (Pharmacia Diagnostics Inc. 
Columbia, Md. , U.S.A.) having specificity for HBsAg. Assay 

30 performance was compared utilizing two fold dilutions of a 
serum sample containing a known amount of the HBsAg analyte, 
but negative with respect to antibody to HIV. The measured 
absorbances are shown below in table 1. The commercially 
available Pharmacia HBsAg ELISA assay utilizes a monoclonal 

35 antibody to HBsAg on a microtiter plate well to capture HBsAg 
in the sample. A single conjugate containing a polyclonal 
antibody (goat) to HBsAg, chemically coupled to horseradish 



WO 91/10747 



PCT/US90/06675 



16 

peroxidase enzyme, is then utilized as a detection reagent to 
quantitate captured HBsAg in the sample. 
TABLE 1. 

PHARMACIA HBsAg ELISA VS PHARMACIA HIV/hep COMBI ELISA 
5 (invention) WITH TWO-FOLD DILUTIONS OF AN HBsAg 

POSITIVE SAMPLE (PAUL ERLICH INSTITUTE HBsAG STANDARD) 

HBsAg Cone Absorbance Absorbance 

na/mL HBsAa ELISA invention 

10 2.50 2.101 2.530 

1.25 0.909 1.646 

0.62 0.631 0.824 

0.31 0.205 0.365 

0.16 0.121 0.269 

15 0.00 0.030 0.045 

The data in Table 1 demonstrate that absorbances 

obtained with the assay of the present invention were 

consistently greater than those obtained with Pharmacia HBsAg 

ELISA. Absorbances were consistently greater for all HBsAg 

20 concentrations tested, from 2.5 ng/mL to 0.16 ng/mL. This 

indicates that the assay of the invention is comparable or 

superior in sensitivity in detection of HBsAg in these 

samples , compared with the commercial HBsAg ELISA assay. 

25 EXAMPLE 2 s 

Three assay formats were evaluated, differing in the 
detecting reagents employed. HIV antigen derived from an 
infected human H9 T-cell line was coated on microtiter plates 
for evaluation of all three formats. The detecting reagents 

30 were (a) biotinylated H9 cell derived HIV antigen (i.e. the 
same as used for coating the plate) , (b) biotinylated HIV 
antigen derived from the HIV infected T-cell line MOLT 3, and 
(c) biotinylated recombinant HIV antigen (gpl60 envelope 
protein, purchased from Repligen Corporation, Cambrigde, 

35 Mass. U.S.A., and produced in the insect cell line, 

Spodop tera fruaiperda . Two known positive samples were 
tested. One positive sample demonstrated all the major bands 
on the western blot, e.g. pl8, p24, p32, gp41, p51, p55, p66, 
gpl20 and gpl60. The other positive sample contained low 

40 levels of antibody to p24 as evidenced by a marked absence of 
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the p24 band on the western blot. This is generally explained 
on the basis of increased production of p24 antigen in 
advanced AIDS patiens and the resultant formation of p24 
antigen: antibody complexes. Antibody complexed with excess 
5 p24 antigen is unavailable to bind to p24 antigen on the 
western blot; hence, the absence of a p24 band. In addition, 
six HIV negative samples were tested which were known to 
elicit a high non-specific signal in the Pharmacia VIRGO™ 
HIV-1 ELISA assay. Results are presented in Table 2 below. 
10 Values are given in units of absorbance at 492 nm wavelength. 
TABLE 2: 

H9 MOLT 3 Recombinant 

Coni uaat e Conjugate Conjugate 



Positive Sample 




1.308 


1.189 


1.200 


Positive Sample 
p24 Antibody 


Low 


0.963 


0. 666 


0.966 


Negative Sample 


1 


0.619 


0.029 


0.043 


Negative Sample 


2 


0.663 


0.024 


0.031 


Negative Sample 


6 


0.701 


0.025 


0.029 


Negative Sample 


7 


0.754 


0.025 


0.025 


Negative Sample 


8 


0.826 


0.024 


0.031 


Negative Sample 


9 


0.668 


0.028 


0.082 



The two known positive samples were strongly reactive using 
25 all three detecting reagents. The "problem" negative samples, 
however, gave a markedly reduced non-specific signal where 
the MOLT- 3 derived biotinylated HIV antigen or the 
biotinylated recombinant HIV antigen was employed as the 
detecting reagent, as compared with the biotinylated H9 
3 0 derived HIV antigen. This marked drop in "noise" or non- 
specific background indicates a dramatic improvement in 
specificity as a result of the invention. 

EXAMPLE 3: 

35 The assay of the invention was compared with the 

Pharmacia HBsAg ELISA assay (see example 1) . Samples tested 
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consisted of a release panel of diluted human sera known to 
be reactive for the presence of HBsAg (1-5, 7-9 , 11-13) or 
known ot be non-reactive (6,10). The measured absorbance 
listed in Table 3 demonstrate that the assay of the invention 
5 has a sensitivity that is comparable or superior in detecting 
HBsAg in these samples . Samples 6 and 10 which are negative 
for HBsAg are non-reactive in the combination assay of the 
invention. 
TABLE 3: 



10 


Absorbance 

rnarlllaCla rirJoAQ liLlbA 


Absorbance 

LonLDinaLion Assay 


J. 


2 * bob 


z . y xy 


n 
Z 




Z. / JO 


3 


2.558 


3.203 


15 4 


2.825 


2 . 977 


5 


2.951 


2.977 


6 


0.026 


0.065 


7 


2.876 


2.789 


8 


0.271 


0.427 


20 9 


0.090 


0.139 


10 


0.055 


0.068 


11 


2.852 


2.647 


12 


0.200 


0.220 


13 


3.177 


2.893 



25 

EXAMPLE 4 



The combination assay of the invention was compared 
with the Abbott HIV-1 EIA test (Abbott Laboratories, N. 
Chicago, IL. U.S.A.) to evaluate sensitivity. The Abbott HIV- 
30 1 EIA assay is a standard "sandwich" assay utilizing H9 cell 
derived HIV antigen coated on a 1/4" polystyrene bead to 
capture HIV antibody in the sample. Captured antibody (if 
present) is detected by the use of an enzyme conjugate 
consisting of goat anti-human IgG coupled to peroxidase 
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enzyme. A strong positive human serum sample was diluted 
serially (1:3:9:27:81:243:729:2187) in a negative serum pool 
and each dilution was tested with both assays. The 
absorbances measured are given in Table 5. The results 
5 indicate that the combination assay of the invention is more 
sensitive than the commercially available Abbott HIV-1 EIA 
test in the measurement of low levels of HIV-1 antibody in a 
typical HIV positive human sera. 
TABLE 4 

10 COMPARISON OF THE PHARMACIA HIV/HEP COMB I ASSAY 

WITH THE ABBOTT HIV-1 EIA ASSAY IN SERIAL DILUTIONS 

Absorbances of Absorbances of 

Pharmacia HIV/Hep Abbott HIV-1 

Dilutions Combi ELISA Assay EIA Assay 

15 



20 



0 


3.4 


3.4 


1:3 


3.2 


3.3 


1:9 


3.2 


3.0 


1:27 


3.2 


2.4 


1:81 


2.4 


1.2 


1:243 


1.2 


0.6 


1:729 


0.8 


0.2 


1:2187 


0.6 


0.1 



EXAMPLE 5 

25 The assay of the invention was compared with the 

Pharmacia HIV-1 ELISA assay (Pharmacia Diagnostics, Colu m bia, 
Md. U.S.A.), that is a comercially available test for 
antibody to HIV. The assay is a standard " sandwich format 
utilizing H9 cell derived HIV antigen coated on a microtiter 

3 0 plate to capture HIV antibody in the sample. Captured 

antibody (if present) is detected by the use of an enzyme 
conjugate consisting of (goat) anti-human IgG (H + L chains) 
polyclonal antibody, covalently coupled to peroxidase enzyme, 
A strong positive human serum sample was diluted serially 

35 (1:3:9:27:81:243:729:2187) in a negative serum pool and each 
dilution was tested with both assays. The absorbances 
measured are given in Table 6. The results indicate that the 
combination assay of the invention is more sensitive than the 
commercially available Pharmacia HIV-1 ELISA test in the 
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measurement of low levels of HIV-1 antibody in a typical HIV 
positive human sera. 



TABLE 5 



10 



15 



Dilutions 



COMPARISON OF THE PHARMACIA HIV/HEP 
PHARMACIA HIV-1 ELISA ASSAY IN 

Absorbances of 
Pharmacia HIV/Hep 
Combi ELISA Assay 



ASSAY WITH 
DILUTIONS 

Absorbances of 
Pharmacia HIV-l 

ELISA ASSAY 



0 


3.2 


3.4 


1:3 


3.1 


3.3 


1:9 


3.1 


3.3 


1:27 


3.2 


3.2 


1:81 


3.1 


2.1 


1:243 


3.0 


1.3 


1.729 


2.9 


0.3 


1:2187 


2.0 


0.2 



20 



25 



EXAMPLE 6 

The assay of the invention was compared with the 
Pharmacia HIV-1 ELISA assay (see example 5) . The goal of the 
experiment was to study various samples that are positive for 
antibody to HIV and determine the highest dilution in which 
the antibody could be detected. The highest dilution 
detectable for each sample is given in Table 6. The data 
clearly show that the assay of the invention was able to 
detect quantities of more diluted antibody than the 
commercial assay. 
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Table 6: 

Detection of HIV-l Antibody Dilutions 



Sairrole No. 


Combination Assav 


Commerci 


1 


10000 


700 


5 2 


2200 


700 


3 


2200 


2200 


4 


20000 


700 


5 


2200 


700 


6 


2200 


700 


in i 


80 


80 

4 


8 


1000 


100 


9 


1000 


100 


10 


2000 


1000 


11 


2000 


1000 


15 12 


10000 


2000 


13 


10000 


100 


14 


5000 


500 



20 



3 
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What is claimed is: 



1. A combination immunoassay for determining the presence , 
absence, or amount of a first antigen and/or an antibody to a 
5 second antigen in a sample, which immunoassay comprises the 



20 



30 



a) contacting the sample with a solid support on which 
the second antigen and an antibody to the first antigen 
have been coated so that said first antigen and antibody 

10 to said second antigen, when present in the sample, will 

become bound to (complexed with) their immunological 
counterparts, respectively, coated on the solid support; 

b) adding second antigen in the form of a detecting 
reagent for antibody bound by the second antigen coated 

15 on the solid support; the addition being performed under 

conditions allowing the formation of an immune complex 
between said added second antigen and said antibody 
specific to said second antigen bound to the solid 
support in step (a) ; 

c) adding antibody to said first antigen in the form of 
a detecting reagent for first antigen bound by the 
antibody coated on the solid support; the addition being 
performed under conditions allowing the formation of an 
an immune complex between said added first antibody and 

25 first antigen bound to the solid support in step (a) ; 

d) determining the presence, absence, or amount of the 
immune complex formed in step (b) and (c) in order to 
determine the presence, absence, or amount of the first 
antigen and/or the antibody to the second antigen in the 



wherein the second antigen coated on the solid support 
contains antigen that is derived from a first source and the 
second antigen used as a detecting reagent contains antigen 
35 that is derived from a second source, which first and second 
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2. The immunoassay of claim 1 wherein the sources are two 
different cell lines expressing the antigen. 

3. The immunoassay of claim 2 wherein the second antigen is a 
5 virus antigen and the cell lines are selected from the group 

consisting of (i) a cell line infected with the virus and 
(ii) a recombinant host cell line expressing the antigen. 

4. The immunoassay of claim 3 wherein one of the cell lines 
10 is a recombinant cell line of a defined host while the other 

cell line is a recombinant cell line of a different host. 

5. The immunoassay of claim 4 wherein one of the cell lines 
is an insect host cell line and the other cell line is an 

15 coli host cell line. 

6. The immunoassay of claim 1 wherein the second antigen is 
HIV antigen and the first antigen is. a hepatitis virus 
antigen • 

20 

7. The immunoassay of claim 6 wherein the first antigen is 
HBsAg . 

8. The immunoassay of claim 1 wherein the second antigen and 
25 antibody to the first antigen added in step (b) and (c) , 

respectively, are biotinylated, a biotin-binding substance is 
added in step (d) to complex with the biotinylated reagents 
bound to the solid support in step (b) and (c) , and the 
presence, absence, or amount of the complex between biotin 
30 and the biotin-binding substance on the solid support is 
detected in order to determine the presence, absence, or 
amount of the first antigen and/or antibody to the second 
antibody. 

35 9. The immunoassay of claim 8 wherein the biotin-binding 
substance added is anti-biotin antibody labeled with a 
marker . 
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10. A combination immunoassay for determining the presence, 
absence, or amount of a first antigen and/ or an antibody to a 
second antigen in a sample, which immunoassay comprises the 
steps : 

5 a) contacting the sample with a solid support on which 

the second antigen and antibody to the first antigen 
have been coated so that said first antigen and antibody 
to said second antigen, when present in the sample, will 
become bound to (complexed with) their immunological 
10 counterparts, respectively, coated on the solid support; 

b) adding biotinylated second antigen under conditions 
allowing the formation of an immune complex between said 
biotinylated second antigen and antibody specific to 
said second antigen bound to the solid support in step 

15 (a) ; 

c) adding biotinylated antibody to said first antigen 
under conditions allowing the formation of an an immune 
complex between said biotinylated antibody and said 
first antigen bound to the solid support in step (a) ; 

20 <*) determining the presence, absence, or amount of the 

immune complex formed in step (b) and (c) by 

dl) addition of a biotin-binding substance labeled 
with a marker to complex with the biotinylated 
reagents bound to the solid support in step (b) and 

25 (c) , and 

d2) detecting the presence, absence, or amount of 
the complex between biotin and the biotin-binding 
substance on the solid support in order to 
determine the presence, absence, or amount of the 
30 first antigen and/or antibody to the second 

antibody . 



11. The immunoassay of claim 10 wherein the second antigen 
coated on the solid support contains antigen that is derived 
35 from a first source and the second antigen used as a 

detecting reagent contains antigen that is derived from a 
second source, which first and second sources are different. 
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12 . The immunoassay of claim 11 wherein the sources are two 
different cell lines expressing the antigen. 

13 . The immunoassay of claim 12 wherein the second antigen is 
5 a virus antigen and the cell lines are selected from the 

group consisting of (i) a cell line infected with the virus 
and (ii) a recombinant host cell line expressing the antigen. 

14. The immunoassay of claim 13 wherein one of the cell lines 
10 is a recombinant cell line of a defined host while the other 

cell line is a recombinant cell line of a different host. 

15. The immunoassay of claim 14 wherein one of the cell lines 
is an insect host cell line and the other cell line is an 

15 coli host cell line. 

16. The immunoassay of claim 10 wherein the second antigen is 
HIV antigen and the first antigen is a hepatitis virus 
antigen. 

20 

17. The immunoassay of claim 16 wherein the first antigen is 
HBsAg . 

18. The immunoassay of claim 10 wherein steps (b) and (c) are 
25 performed simultaneously. 

19. The immunoassay of claim 1 wherein steps (b) and (c) are 
performed simultaneously 

30 20. The immunoassay of claim 12 wherein the second antigen is 
HIV antigen and the cell lines are H9 and MOLT-3, 
respectively, infected with HIV. 

21. The immunoassay of claim 3 wherein the second antigen is 
35 HIV antigen and the cell lines are H9 and MOLT-3, 
respectively, infected with the HIV. 
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22, The immunoassay of claim 6 wherein the HIV antigen 
coated on the support or used as the detecting reagent is 
gpl60. 

5 23. The immunoassay of claim 4 wherein the second antigen is 
HXV antigen and one of the recombinant cell lines expresses 
gpl60. 

24. The immunoassay of claim 1 wherein the second antigen is 
10 HIV antigen that is a mixture of HIV antigens from two or 

more sources, and the first antigen is HBsAg • 

25. The immunoassay of claim 10 wherein the second antigen is 
HIV antigen that is a mixture of HIV antigens from two or 

15 more sources, and the first antigen is HBsAg. 
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